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Synopsis

The f.low behavior  of five t’lastomertc impression materials

was determined by extrus ion v iscometrv.  in i t ia l  v iscos i ty  ranged from

400 to ~~~, 100 p oise  at a shear rate of 2 . 2 ret ’ iproca 1 seconds. All

of the elastomers showed m i t  ial n on—Newton ian  behavio r  and increased

viscosity with t ime.
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APPARENT VISCOSITIES OF SETTING ELASTOMERS

The indirect fabrication of well fitting dental prostheses requires

the accurate counterreplication of oral structures by impression materials.

Accurate counterrep].ication , in turn , is dependent upon the ability of a

material to flow into the intricate irregularities that characterize the

surfaces of teeth and soft tissues.

Previous studies have addressed the rheological (flow) characteris-

tics of impression compound , alginate, polysulfide and silicone impres-

sion materials .’3 Also , a more recent investigation
4 has dealt with

flow behavior of the unmixed components of several dental impression

products. The availability of new materials has suggested the need for

further comparative assessment of the flow characteristics of dental

elastomers.

The present investigation was conducted to examine the rheological

behavior of five elastomeric impression materials as a function of time

and shear rate.

Materials and Method s
* +Test products inc luded two silicones , two polysulfides, and a

I,
polyether . The base catalyst components of each material were dispensed

* Material A , Xantopren Blue, Unitek Corporation , Monrovia , CA 91016 and

Material B, President Light Body Impression Material , Coltene AG,

Alst~ tten , Switzerland.

+ Material C, Accralastic , Material D, Light Body Permiastic , Kerr

Sybron Corporation , Romulus, MI 48 174.

(1 Material E, Polyjel , The L. D. Caulk Company , Milford , DE 19963.
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by weight and in I xed in a~’ t’oz t i anc  e w i t h  t h e  respee t I vi ’ mann fa t ’ t ur t ’r  ‘S

Ins t  rue t ions . Pr op or t  t o n i n g  and in lx i  ug were accomp 1 (shed . t t  2 1 ’

The v tseos i t t  ~~~~ of t h e  t es t  m a t er  Ia is  wer~’ dt ’t e r m t n e~i 1w an cx—

t rus ion techn i que’. The (lIst  r~ menta  t (On . l f l t t  re I eVent t t ’t’hno l og have

been deser  (bed elsewhere’ . Spi ’c i f  I ca l i v  • however • t h e  mixed  compon-

ent s of eacl~ m a t e r i a l  wer e’ ex t ruded  t hr ough a I) . ~~ 2— inch  cap  i l l  .irv w i t h

the  use ’ of a c o n s tan t  st ra t n — r a t e  t e st  I Ug mach t n t ’ a t  cr osshead speeds

of 0 .02 , (1. OS , 0. 10 , and 0. 20— in ch  per m l  flut e ’ . The load r t ’qut  red t o t

e x t r u s i o n  of each mat t’r t i t l  at  each cr o sshead speed was measured as a

u n c t i o n  of t t ine ’. I n i t I a l  I o ad — t  (me te l  a t  tt ’nsh I ps were t’$t abi I stied a I

one m i n u t e  at  t er t h e  I em I nat  ion of m i x i n g . flat a wc r ’  recorded I or an

add i t  ion:i I t h r e e — m i n u t e ’ period . El Vt ’ I r 1.i is were t’t ’ndut ’ ted  w i t  it i’.tt ’It

materia l at eac h ~‘i-ossiteaJ speed . Recorded dat  a wer t~ I . ins t  ormt ’d h i t  o th e’

rheo 1 ot~ I cal  quant  I t  I t ’s of shear s I rt ’ss .i nd shear  r.i I e t O .1 I I  ow i ’a len 1.11 Ion

of the  v i sc os ity  of each m a t e r  (a I as a t unct  ton of t (ni t ’ and slu.’.ir r a t e .

R e su l t s

The’ selected cmosshead speed s produced slii ’.ir r . t t  ~‘s r a n g i n g  f rom

0.89 to 5. ’) ret ’ Iprocal  second s (sec

The changes in v i  scos it  v w i t  Ii t t ine at  a shear r at  e of 2 . 2 sec

art ’  shown in Figures 1 and 2. m i t  i a l  v l s t’os tt  (es wer e :  A . .00 p oIse ;

D , 500 pOise: 13, 1 ,400 i~o Ise; 2 , l Ot) po i se; and F , S , 100 poi se. Vitt ’

v iscos i ty  of t h e  po lvsulf tde ’s  (M a t t ’r i a l s  t ’ and I)) i l le reas t ’tl g rad t i . i  l i v

over t he three—m t nut e pet’ (ott of flea SU rt ’me ’n t . V t  set ’s i t  v v.i 1 ues I or ho I i i

products at four  minutes afte r the end of mix ing were at it it It tw ice t i lOst ’

observed tnt ta l ly .  V t  scos it v— t [me behav Ior of t he ot her mat e l’ Ia I s  was

~
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t r a y  may Improve t h e  a b i l i ty  of these substances  to  f l o w  In t o  t he

mtuu t~ s u r fa ce  lot er st ices of the oral structures .

The app ar en t  di  la t an c  v (shear t h i c k e n i n g  beh av io r )  CXII lb (t ed  by

M a t e r i a l  A may he the result of continued mixing of the base paste

and liquid cata lys t .  At h igh  ra tes  of shear , t he forces required for

extrus ion of the material may provoke additional base—cata lys t  inter-

action and a subsequent Increase in polymerization rate. During the

impression making procedure , the prospect for the premature development

of e last ic  properties would appear to be greater for a dilatant material

thaii for a pse’udop lastic substance. ~t follows tha t distort ion of a

materia l of the former type  may ot~cur upon Its remova l from the mouth.

Present ly , however , t he extent to which shear thickening m i g h t  l i m i t

t he range of application of an impression material is uncertain and

rema ins to he studied .

Conc lusions

More than a t en fo ld  d i f f e r e n c e  in the initial viscosit ies of five

elastonieric impression materials was demonstrated by ext rus ion v iseome try .

All of the materials exhibited increased viscosity with time . However ,

the viscosities of two mat erials increased at a markedl y faster rate.

The rheologica l behavior of four test products was characterized

by a decrease in initial viscosi ty w i th  increasing rates of shear. The

f low of such m a t e r i a l s  I n t o  the  s u r fac e  ir r e gu l a r i t i e s  of hard and sof t

oral  s t ruc tures  may he enhanced by the i r  deposttion at high rat es  of shear .

The da ta  suggest tha t  c l i n i c a l  impress ion ma k ing procedures should be

tailored to produce ra tes  of shear c ommensurate wi th those required to

optimize the f low proper t ies  of modern impression m at e r ia l s .
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I.e~ t’iitI s for Figures

Figure 1. Visco~ jty of two thipression materials as a function of time

at a shear rate of 2.2 rec Iprocal seconds.

Figure 2. Viscosity of three impression materials as a function of t ime

at a shear rate of 2.2  rec iprocal seconds

Figure 3. Viscosity of impression material s as a function of shear rate

one minute a f t e r  the end of mixing. 
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